Introduction
============

Rheumatoid arthritis (RA), a chronic systemic autoimmune disease primarily affecting the joints, is characterized by synovitis, synovial tissue proliferation, cartilage and bone destruction, and ultimately leads to physical disability ([@b1-ijmm-39-02-0307]). RA affects approximately 1% of the adult population worldwide.

Currently, the exact pathogenesis of RA remains unclear, but accumulating evidence suggests that fibroblast-like synoviocytes (FLS) play an important role in the development of RA because of their resistance to apoptosis and extensive proliferative ability ([@b2-ijmm-39-02-0307]). In RA patients, defective apoptosis of synovial cells is closely related to synovial tissue hyperplasia ([@b3-ijmm-39-02-0307]). RA-FLS exhibit features of tumor-like damage and erosion, which may lead to further synovial tissue hyperplasia and destruction of joint cartilage ([@b4-ijmm-39-02-0307]). Thus, inhibition of RA-FLS proliferation and induction of their apoptosis are under consideration as a therapeutic strategy for the treatment of RA.

The mitochondrial pathway plays a critical role in FLS apoptosis in RA, with the Bax, Bcl-2, and caspase-3 proteins, in particular, being implicated. Bcl-2 and Bax are key regulators of the mitochondrial apoptosis pathway ([@b5-ijmm-39-02-0307]). Bax promotes apoptosis, whereas Bcl-2 exerts a wide range of anti-apoptotic effects. Caspase-3 is a key executive mediator of apoptosis and the common downstream effector of many apoptotic signaling pathways.

The Janus kinase/signal transducers and activators of transcription (JAK/STAT) signaling pathway is important for many cellular processes, including growth, differentiation, proliferation and immune regulation ([@b6-ijmm-39-02-0307]). Aberrant JAK/STAT signaling has been related to the occurrence of many human diseases, including RA and cancer ([@b7-ijmm-39-02-0307]). Previous study has indicated that activating JAK/STAT through interferon-γ confers apoptotic resistance to cells in synovial tissues of inflammatory RA, leading to a significantly increased density of synovial cells ([@b3-ijmm-39-02-0307]). The same study showed that JAK/STAT exerts anti-apoptotic effects via translational regulation ([@b3-ijmm-39-02-0307]).

In recent years, JAKs have generated great interest as therapeutic targets given their key roles in signal transduction ([@b8-ijmm-39-02-0307]). Activated JAKs trigger a signaling cascade that leads to the phosphorylation of STATs. Phosphorylated STATs form as active dimers, translocate to the nucleus, and bind to specific response elements to activate or inhibit the expression of the target genes. There are seven STAT family members, of which STAT1 and STAT3 represent the major activators ([@b9-ijmm-39-02-0307]). STAT1 expression and activity increases in early synovial tissues of human RA, and STAT3 promotes synovial fibroblast survival ([@b10-ijmm-39-02-0307],[@b11-ijmm-39-02-0307]). Some studies have suggested that the activation of STAT1 and STAT3 is important to synovial cell proliferation ([@b12-ijmm-39-02-0307]).

The traditional approach for controlling RA relies on disease-modifying antirheumatic drugs (DMARDs), including methotrexate (MTX), leflunomide and sulphasalazine. DMARDs have certain clinical benefits, but coincide with a series of toxic events ([@b13-ijmm-39-02-0307]). As an alternative treatment for RA, plant extracts are being considered due to lower toxicity profiles and minimal side effects ([@b14-ijmm-39-02-0307],[@b15-ijmm-39-02-0307]). Matrine, a traditional Chinese medicine, is an alkaloid isolated from plants in the genus *Sophora*, comprised of four rings of quinolizidine classes (C~15~H~24~N~2~O). Matrine exhibits different biological properties, including anti-inflammatory ([@b16-ijmm-39-02-0307]), antitumor ([@b17-ijmm-39-02-0307]), anti-viral ([@b18-ijmm-39-02-0307]), anti-fibrosis ([@b19-ijmm-39-02-0307]), anti-arrhythmia ([@b20-ijmm-39-02-0307]), anti-asthmatic ([@b21-ijmm-39-02-0307]) and immunosuppressive activity ([@b22-ijmm-39-02-0307]). However, the effects of matrine on the proliferation and apoptosis of FLS have yet to be reported.

Collagen-induced arthritis (CIA) is an experimental model of human RA that has been widely used to study the pathogenesis of RA and evaluate the effects of therapeutic interventions ([@b23-ijmm-39-02-0307],[@b24-ijmm-39-02-0307]). The purpose of this study was to investigate the effect of matrine on FLS proliferation and apoptosis in a rat model of CIA. We also assessed the mechanisms by which matrine functions to modulate these cellular behaviors.

Materials and methods
=====================

Induction of CIA
----------------

Male Sprague-Dawley (SD) rats (7--8 weeks) were purchased from the Experimental Animal Center of the Third Military Medical University (Chongqing, China). Animal care and treatment were completed by the Ethics Committee of the Experimental Animal Administration of the Third Military Medical University. CIA was immune-induced by bovine type II collagen (Chondrex, Inc., Redmond, WA, USA). Type II collagen (2 mg/ml) dissolved in 0.1 M acetic acid was emulsified with an equal volume of complete Freund\'s adjuvant (CFA) or incomplete Freund\'s adjuvant (IFA; MP Biomedicals, Santa Ana, CA, USA). The emulsion (300 *µ*l) was injected into the base of the tail on day 0 for the first immunization and on day 7 for the second immunization. An equal volume of saline was administered to rats in the control group at the same time and into the same site.

Culture and drug treatment of FLS
---------------------------------

Forty-two days after the initial immunization, randomly chosen rats from the CIA and control groups were sacrificed. Synovial tissues from the knee joints were isolated, minced and cultured in RPMI-1640 medium supplemented with 10% fetal bovine serum (FBS; Gibco, Grand Island, NY, USA) at 37°C in a humidified atmosphere under 5% CO~2~. After FLS identification based on cell morphology and immunofluorescent vimentin labeling ([@b25-ijmm-39-02-0307]), cells were used from passages 3 to 5 in ensuing experiments. Cell treatments included the JAK2 inhibitor, AG490 (25 *µ*mol/l; Abmole Bioscience, Houston, TX, USA) or matrine (0.75 mg/ml; Aladdin Reagents Co., Ltd., Shanghai, China).

Cell proliferation assay
------------------------

Cell proliferation was analyzed using the Cell Counting Kit-8 (CCK-8; Dojindo Laboratories, Kumamoto, Japan). Cells were seeded in three 96-well plates at a density of 3×10^4^ cells/well and treated with increasing concentrations (0, 0.25, 0.5, 0.75, 1.0, 1.5 and 2.0 mg/ml) of matrine for 24, 48 and 72 h. Then, 10 *µ*l of CCK-8 solution was added to each well, and the cells were incubated for another 2 h at 37°C. The optical density (OD) was measured using a micro-plate reader (Beijing Purkinje General Instrument Co., Ltd., Beijing, China) at a wavelength of 450 nm. The cell growth inhibition rate (GIR) was measured and the half maximal inhibitory concentration (IC~50~) was calculated using GraphPad Prism 5 (GraphPad Software, San Diego, CA, USA).

Cell cycle analysis
-------------------

FLS were collected in the logarithmic growth phase and seeded in culture flasks at a density of 2×10^5^ cells/ml. After synchronization in serum-free medium for 24 h, FLS were treated with matrine, AG490, matrine+AG490, or left untreated for 24 h. After drug treatment, the cells were collected, suspended in cold phosphate-buffered saline (PBS), centrifuged, and then fixed with 75% cold ethanol and stored at 4°C for 24 h. The cells were stained with propidium iodide (PI) solution (Cell Cycle and Apoptosis Analysis kit; Beyotime Institute of Biotechnology, Nanjing, China) for 30 min at 37°C in the dark. DNA content was analyzed by flow cytometry (Beckman Coulter, Brea, CA, USA).

Apoptosis analysis
------------------

FLS apoptosis was assessed with the Annexin V-FITC/PI double labeling method combined with flow cytometry. Briefly, the cells were seeded at a density of 2×10^5^ cells/ml in five culture flasks for 24 h and synchronized. After exposure to drugs for 24 h, the cells were collected, re-suspended in PBS, counted, centrifuged and resuspended in 195 *µ*l binding buffer according to the manufacturer\'s instructions. The cell suspension was incubated in 5 *µ*l of Annexin V-FITC and 10 *µ*l PI (Annexin V-FITC Apoptosis Detection kit; Beyotime Institute of Biotechnology) for 20 min at room temperature in the dark. Apoptotic cells were analyzed by flow cytometry.

Western blot analysis
---------------------

The cells were collected in radioimmunoprecipitation assay (RIPA) lysis buffer (Chongqing Golden Wheat Biotechnology, Chongqing, China). The protein concentration was determined using the bicinchoninic acid (BCA) protein assay (Beyotime Institute of Biotechnology). Proteins were separated using sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) and transferred to polyvinylidene difluoride (PVDF) membranes. Then, the membranes were blocked with 5% skim milk for 2 h at room temperature. The membranes were incubated overnight at 4°C in antibodies against β-actin (1:1,000; Santa Cruz Biotechnology, Inc., Santa Cruz, CA, USA), p-JAK2 (1:1000; Nanjing Jiancheng Bioengineering Institute, Nanjing, China), p-STAT1 and p-STAT3 (1:1,000; both from BBI Life Sciences Corporation, Shanghai, China). The next day, the membranes were washed three times in Tris-buffered saline containing 0.05% Tween-20 (TBST) and incubated in horseradish peroxidase-conjugated anti-rabbit secondary antibody (1:1,000; Beyotime Institute of Biotechnology) for 2 h at room temperature. The protein bands were visualized with ECL reagents (Beyotime Institute of Biotechnology).

For the rat experiments, synovial tissues were isolated and ground into a powder with liquid nitrogen. Proteins were collected in RIPA buffer, and the expression levels of phosphorylated JAK2, STAT1 and STAT3 were detected by western blot analysis as described above.

Quantitative real-time PCR (qRT-PCR)
------------------------------------

Total RNA was extr acted from cultured FLS with TRIzol reagent according to the manufacturer\'s instructions (Sangon Biotech Co., Ltd., Shanghai, China). The RNA was reverse-transcribed with AMV First Strand cDNA Synthesis kit (Sangon Biotech Co., Ltd.) in the presence of random primers and RNase-free ddH~2~O. The primers were designed by Sangon Biotech Co., Ltd. and are listed in [Table I](#tI-ijmm-39-02-0307){ref-type="table"}. β-actin was used as an endogenous control. The conditions for the amplifications were as follows: 3 min hold at 95°C, followed by 7 sec denaturation at 95°C, 10 sec annealing at 57°C, and 15 sec extension at 72°C for 40 cycles. The PCR products were analyzed using StepOne Plus™ Real-Time PCR system (Applied Biosystems, Grand Island, NY, USA). The qRT-PCR data were analyzed using the 2^−ΔΔCT^ method.

CIA drug treatments
-------------------

Rats with CIA were divided randomly into a control group, CIA group, matrine group \[100 mg/kg/day by oral gavage ([@b19-ijmm-39-02-0307])\], and MTX group \[Shanghai Sine Pharmaceuticals Co., Ltd., Shanghai, China; 2 mg/kg/week by oral gavage ([@b26-ijmm-39-02-0307])\]. Control and CIA rats received saline at a dose of 10 ml/kg/day by oral gavage. Drugs were administered from days 11 to 52 after the first immunization.

Evaluation of arthritis index (AI)
----------------------------------

AI was assessed by the presence of edema and/or erythema in the paws that started before gavage, occurred once a week, and lasted for six weeks. Assessment standards have been previously described ([@b27-ijmm-39-02-0307]) as follows: 0, no redness or swelling; 1, light redness or swelling in a few toes; 2, redness and swelling in most toe joints and toes; 3, serious redness and swelling in feet and below ankle joint; and 4, redness and swelling in feet and ankle joint. The AI was calculated by cumulation of the scores from all four paws, with a maximum value of 16.

The pathological alteration of ankle joints
-------------------------------------------

Rats received matrine or MTX over the course of six weeks before they were sacrificed by cervical dislocation. The ankles were removed and fixed in 4% paraformaldehyde (Guangfu Fine Chemical Research Institute, Tianjin, China) and decalcified for 16 h with 8% nitrate decalcification solution (Chengdu Kelong Chemical Co., Ltd., Chengdu, China). Then, the joints were washed, dehydrated, brightened, embedded in paraffin, sectioned and stained with hematoxylin and eosin (H&E). Pathological alterations were detected with a light microscope (BX51M; Olympus, Tokyo, Japan).

Immunohistochemical analysis
----------------------------

The rats were sacrificed and then their synovial tissues were isolated from their knee joints and embedded in paraffin. Sections (5-*µ*m thick) were cut on a microtome and then dewaxed in water. Endogenous peroxidases were inactivated and antigen retrieval was conducted using a boiling method. Then, the sections were blocked in goat serum for 15 min at room temperature and incubated overnight at 4°C with antibodies against Bax (1:100) and Bcl-2 (1:100) (both from BBI Life Science Corporation), and caspase-3 (1:100; Nanjing Jiancheng Bioengineering Institute). A biotin-labeled secondary antibody and SABC solution were added dropwise, successively and incubated for 20 min at room temperature. The sections were developed with DAB, re-stained with hematoxylin, dehydrated, brightened and mounted with neutral gum. Images were captured on a light microscope (Olympus) and OD values were calculated with IPP software.

Statistical analysis
--------------------

Quantitative data are presented as mean ± standard deviation (SD). All data were analyzed using SPSS 19.0 software (SPSS, Inc., Chicago, IL, USA). Statistical significance was assessed by one-way analysis of variance (ANOVA) or the Games-Howell test according to the homogeneity of variance. P-values \<0.05 were considered to indicate a statistically significant difference.

Results
=======

Identification of FLS
---------------------

By passage three, the cellular morphology of cultured rat FLS appeared spindle-shaped, as is characteristic of fibroblasts ([Fig. 1A](#f1-ijmm-39-02-0307){ref-type="fig"}). In addition, 100% of the cultured cells expressed vimentin as detected by immunofluorescence, thus confirming FLS identity ([Fig. 1B](#f1-ijmm-39-02-0307){ref-type="fig"}).

Matrine inhibits the proliferation of rat-derived FLS in vitro
--------------------------------------------------------------

CCK-8 assay assessment of cell viability of the FLS isolated from the CIA rats treated with varying concentrations (0, 0.25, 0.5, 0.75, 1.0, 1.5 and 2.0 mg/ml) of matrine showed that matrine inhibited FLS growth in a concentration-dependent manner at 24, 48 and 72 h (P\<0.01; [Fig. 2](#f2-ijmm-39-02-0307){ref-type="fig"}). The IC~50~ of matrine inhibitory activity was estimated to be 0.75 mg/ml at 24 h, and these parameters were used in subsequent experiments.

Matrine induces cell cycle arrest of rat-derived FLS in vitro
-------------------------------------------------------------

Flow cytometry of FLS revealed that the percentage of cells in S phase was increased (P\<0.01), whereas the percentage of cells in the G0/G1 phase was decreased (P\<0.05) in the CIA group compared with the control group ([Fig. 3](#f3-ijmm-39-02-0307){ref-type="fig"}). Compared with the CIA group, the percentages of FLS in the S phase were significantly decreased in cells treated with matrine, the specific JAK2 inhibitor AG490 (inhibits phosphorylation of STAT1/3 in RA-FLS), or both for 24 h (P\<0.01; [Fig. 3](#f3-ijmm-39-02-0307){ref-type="fig"}). Additionally, the percentages of cells in the G0/G1 phase were also increased in the drug-treated groups compared with CIA alone (P\<0.01). The percentage of cells in the S phase in the AG490-treated group was less than that in the matrine group (P\<0.01), but greater than that in the matrine+AG490 group (P\<0.05) ([Fig. 3](#f3-ijmm-39-02-0307){ref-type="fig"}). These findings suggest that matrine inhibits cell proliferation by inducing cell cycle arrest at the G0/G1 phase.

Matrine induces apoptosis of rat-derived FLS in vitro
-----------------------------------------------------

Annexin V-FITC/PI double staining and flow cytometry indicated that the apoptosis rate of FLS isolated from control rats was 17.24±0.24% compared with 13.64±0.49% in the CIA group (P\<0.01; [Fig. 4](#f4-ijmm-39-02-0307){ref-type="fig"}). All drug treatments resulted in significantly higher apoptosis rates than that observed for the CIA group (P\<0.01; matrine, 20.10±0.77%; AG490, 20.42±0.91%; matrine+AG490, 25.11±1.00%). The apoptosis rate did not differ between the matrine and AG490 groups. These results indicate that matrine treatment increased FLS apoptosis.

Matrine suppresses JAK/STAT signaling pathway activation in rat-derived FLS in vitro
------------------------------------------------------------------------------------

Protein expression levels of p-JAK2, p-STAT1 and p-STAT3 in FLS isolated after 24 h of drug treatment were only faintly detectable in the control group, and markedly higher in the CIA group (P\<0.01 vs. control; [Fig. 5](#f5-ijmm-39-02-0307){ref-type="fig"}). All phosphorylated protein levels were decreased relative to CIA alone when FLS from CIA rats were treated with matrine (p-JAK2, P\<0.01; p-STAT1 and p-STAT3, P\<0.05), AG490 (all P\<0.01), or matrine+AG490 (all P\<0.01). In addition, p-JAK2 and p-STAT3 were inhibited to a greater extent by treatment with AG490 than by treatment with matrine (P\<0.05). However, p-STAT1 levels did not differ between the matrine and AG490 groups (P\>0.05).

Matrine induces upregulation of pro-apoptotic markers in rat-derived FLS in vitro
---------------------------------------------------------------------------------

As shown in [Fig. 6](#f6-ijmm-39-02-0307){ref-type="fig"}, qRT-PCR analysis revealed that the expression levels of Bax and caspase-3 in the CIA group were decreased, whereas Bcl-2 expression was increased, compared to levels observed for the control group FLS (P\<0.01). Treatment with matrine, AG490, or matrine+AG490 markedly increased the mRNA expression of Bax and caspase-3, and decreased expression of Bcl-2 (P\<0.01 vs. CIA alone). Matrine treatment resulted in higher levels of Bcl-2 ([Fig. 6B](#f6-ijmm-39-02-0307){ref-type="fig"}) and lower levels of caspase-3 ([Fig. 6C](#f6-ijmm-39-02-0307){ref-type="fig"}) than did the AG490 treatment (P\<0.05). Bax levels did not differ between the matrine and AG490 groups (P\>0.05; [Fig. 6A](#f6-ijmm-39-02-0307){ref-type="fig"}). Finally, the Bax:Bcl-2 ratio was increased in all drug-treated groups compared with CIA alone (P\<0.01; [Fig. 6D](#f6-ijmm-39-02-0307){ref-type="fig"}).

Therapeutic effects of matrine in rats with CIA
-----------------------------------------------

Evaluation of AI and pathological alterations of the ankle to determine arthritis severity in the CIA model indicated that onset of secondary arthritis appeared around day 10 after primary immunization and peaked on day 31. Matrine treatment decreased AI compared with no treatment (P\<0.05; [Fig. 7A](#f7-ijmm-39-02-0307){ref-type="fig"}). There were no statistically significant differences between the matrine and MTX groups (P\>0.05).

Microscopic assessment of ankle structure revealed that control rats displayed smooth articular surfaces with no evidence of inflammatory cell infiltration or cartilage destruction ([Fig. 7B](#f7-ijmm-39-02-0307){ref-type="fig"}). In contrast, the ankles of rats in the CIA group exhibited significant synovial tissue hyperplasia, inflammatory cell infiltration and cartilage erosion ([Fig. 7C](#f7-ijmm-39-02-0307){ref-type="fig"}). Treatment with matrine or MTX improved CIA ankle pathologies ([Fig. 7B--D](#f7-ijmm-39-02-0307){ref-type="fig"}).

Effects of matrine on apoptotic marker expression in synovial tissues from CIA rats
-----------------------------------------------------------------------------------

Immunohistochemical analysis demonstrated Bax, Bcl-2 and caspase-3 expression in the nucleus and cytoplasm in synovial tissue cells (positivity indicated with tan granules; [Fig. 8A--C](#f8-ijmm-39-02-0307){ref-type="fig"}). Quantification of immunohistochemical OD values revealed that the expression of Bax and caspase-3 were decreased, whereas Bcl-2 expression was increased in the CIA group compared with the control group (P\<0.01). Treatment with matrine or MTX rescued Bax and caspase-3 levels and attenuated Bcl-2 expression, but matrine had greater effects on reduction of Bax and caspase-3 (P\<0.01) and augmentation of Bcl-2 (P\<0.05) relative to MTX ([Fig. 8D--F](#f8-ijmm-39-02-0307){ref-type="fig"}). Finally, the Bax:Bcl-2 ratio was increased in the matrine group compared with CIA alone (P\<0.01; [Fig. 8G](#f8-ijmm-39-02-0307){ref-type="fig"}).

Effects of matrine on JAK/STAT signaling in synovial tissues from rats with CIA
-------------------------------------------------------------------------------

Phosphorylated JAK2, STAT1 and STAT3 levels were examined in synoviocytes from rats with CIA by western blot analysis. Protein expression levels of p-JAK2, p-STAT1 and p-STAT3 were detected at low levels in the control rats, whereas CIA resulted in increased phosphorylation (P\<0.01; [Fig. 9](#f9-ijmm-39-02-0307){ref-type="fig"}). Matrine treatment reduced phosphorylated levels of all three proteins compared with CIA alone (P\<0.01). MTX treatment was more potent than matrine at reducing phosphorylation (P\<0.01).

Discussion
==========

In the present study, we investigated the effects of matrine treatment on the proliferation, apoptosis and activation of JAK/STAT signaling in FLS isolated from rats with CIA. We found that matrine exerted therapeutic effects on CIA, inhibited FLS proliferation, and induced apoptosis at least partly through downregulation of JAK/STAT signaling.

RA is a heterogeneous disease characterized by prominent synoviocyte hyperplasia and a potential imbalance between FLS overgrowth and apoptosis ([@b28-ijmm-39-02-0307]). RA pathogenesis is affected by multiple etiologies, including genetic, epigenetic and environmental factors, as well as by immune disturbance and cytokine factors. DMARDs, non-steroidal anti-inflammatory drugs (NSAIDs), steroid hormones, and biologics are typically used to treat RA, but are associated with severe adverse effects, including gastrointestinal lesions, cardiovascular complications, and reproductive toxicity ([@b29-ijmm-39-02-0307]). Therefore, the exploitation of plant-derived drugs as anti-RA agents with potent effects and lower toxicity profiles has drawn much attention ([@b30-ijmm-39-02-0307]). Matrine is the primary active component of the traditional Chinese medicinal herb *Sophora flavescens* Ait. and is associated with cell growth inhibition and apoptosis induction in cancer cells ([@b17-ijmm-39-02-0307],[@b31-ijmm-39-02-0307]). FLS exhibit proliferative, aggressive, and tumor-like behaviors in patients with RA ([@b28-ijmm-39-02-0307]), and may therefore be optimal targets for matrine activity. While some of the effects of matrine are related to the etiological factors underlying RA, the mechanism of action of this compound remains uncharacterized.

The pathological changes to the blood and articular tissue in the CIA model are similar to those in human RA, highlighting the value of this system for studying human arthritis ([@b32-ijmm-39-02-0307]). In this study, we assessed the effects of matrine on arthritis severity in rats using AI and ankle pathological analysis and found that matrine reduced AI and improved ankle structure. Our *in vitro* experiments clearly indicated that matrine markedly inhibited cell proliferation in a concentration-dependent manner, blocked G0/G1 cell cycle progression, and induced apoptosis in FLS derived from rats with CIA. These findings demonstrated for the first time that matrine can trigger FLS apoptosis, which may reflect a mechanism of action related to its anti-RA effects.

Increasing evidence suggests that a reduced level of apoptosis *in vivo* is closely associated with FLS proliferation in RA ([@b33-ijmm-39-02-0307]). Apoptosis is a distinct form of cell death initiated by various physiological and pathological stimuli ([@b34-ijmm-39-02-0307]). The Bcl-2 family consists of key regulatory proteins involved in mitochondrial apoptotic pathways ([@b2-ijmm-39-02-0307]). A decrease in Bcl-2 levels or an increase in Bax levels can trigger signals to initiate the apoptotic cascade ([@b33-ijmm-39-02-0307]). Various studies have examined the relative expression status of Bcl-2 family members in RA ([@b35-ijmm-39-02-0307]). Pro-apoptotic Bax was shown to be decreased, whereas anti-apoptotic Bcl-2 was increased in FLS from RA patients compared with those from osteoarthritis patients ([@b36-ijmm-39-02-0307]). Furthermore, an increase in the Bax:Bcl-2 ratio has been demonstrated to promote apoptosis ([@b28-ijmm-39-02-0307]). As demonstrated in the present study, the expression of Bcl-2 decreased, whereas that of Bax increased, resulting in an elevated Bax:Bcl-2 ratio, suggesting that matrine promoted the apoptosis of FLS from rats with CIA.

It is well-known that apoptosis requires the activation of a series of caspases, including initiator and effector caspases ([@b33-ijmm-39-02-0307]). Following caspase activation, an increasing number of cellular substrates, including the DNA repair protein PARP, are degraded or cleaved, resulting in cell death ([@b28-ijmm-39-02-0307]). The activation of caspase-3 plays a crucial role in the initiation of apoptosis ([@b33-ijmm-39-02-0307]). A significant decrease in procaspase-3 and -9 expression and a significant increase in caspase-3 and -9 expression were observed in RA-induced FLS apoptosis ([@b37-ijmm-39-02-0307]). Accordingly, we also found that matrine significantly induced the activation of caspase-3 in FLS from rats with CIA.

The JAK/STAT signal transduction pathway is activated by many cytokines and growth factors that regulate gene expression, cell proliferation and differentiation ([@b11-ijmm-39-02-0307]). Suppression of JAK/STAT activity leads to the induction of an apoptotic response ([@b38-ijmm-39-02-0307]). FLS in the intimal lining in RA have been demonstrated to express high levels of STAT1 ([@b10-ijmm-39-02-0307]), and STAT3 expression was found to be elevated in the synovial lining in RA and in an experimental arthritis model ([@b39-ijmm-39-02-0307]). Persistent activation of STAT3 contributes to the expression of anti-apoptotic molecules that restrain the induction of programmed cell death ([@b40-ijmm-39-02-0307]), whereas STAT3 blockade promotes apoptosis in RA-FLS ([@b9-ijmm-39-02-0307]). Previous studies have provided evidence that the JAK2/STAT1/3 signaling pathway may be the upstream mechanism by which FLS proliferation is controlled ([@b12-ijmm-39-02-0307]). Studies have reported that matrine suppresses proliferation and induces apoptosis in human cholangiocarcinoma cells by blocking JAK2/STAT3 signaling ([@b17-ijmm-39-02-0307]). The appearance of RA-FLS with tumor-like aggressive phenotypes ([@b41-ijmm-39-02-0307]) may also justify the use of tumor therapies for RA. We found that phosphorylation of JAK, STAT1 and STAT3 were suppressed by matrine in FLS from rats with CIA, suggesting that matrine induced apoptosis via suppression of JAK2/STAT1/3 signaling.

In conclusion, the results of this study demonstrate that matrine has potent anti-proliferative and pro-apoptotic effects on FLS. Notably, matrine treatment was clinically beneficial in a rat model of arthritis that recapitulates human pathology. Therefore, matrine may represent a novel therapeutic agent for RA that counters the activation of JAK2/STAT1/3 signaling.
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![Fibroblast-like synoviocytes (FLS) were isolated from the knee joints of rats with collagen-induced arthritis (CIA) 42 days after the initial immunization. (A) Representative phase contrast image exhibiting typical morphology of FLS. Scale bar, 79.9 *µ*m. (B) Representative immunofluorescence image of FLS stained with vimentin (green). Nuclei were stained with DAPI (blue). Scale bar, 50 *µ*m.](IJMM-39-02-0307-g00){#f1-ijmm-39-02-0307}

![The effect of matrine on fibroblast-like synoviocyte (FLS) growth inhibition was measured by CCK-8 assay. FLS were isolated from rats with collagen-induced arthritis (CIA), cultured *in vitro*, and treated with various concentrations of matrine for 24, 48 and 72 h. Matrine significantly reduced the growth inhibition rate (GIR) of FLS in a concentration-dependent manner. Treatment of cells with 0.75 mg/ml matrine for 24 h led to a nearly 50% decrease in cell growth.](IJMM-39-02-0307-g01){#f2-ijmm-39-02-0307}

![The effect of matrine on cell cycle progression was determined by propidium iodide (PI) staining and flow cytometry. Fibroblast-like synoviocytes (FLS) were isolated from control or collagen-induced arthritis (CIA) rats, cultured *in vitro*, and treated with 0.75 mg/ml matrine, 25 *µ*mol/l AG490, or a combination of matrine and AG490 for 24 h. (A) Cell cycle distribution on FLS after 24 h of drug treatment. (B) Histogram depicts the percentage of cells in G0/G1, S and G2/M phases of the cell cycle. Data are expressed as mean ± SD of three independent experiments. ^\*^P\<0.05, ^\*\*^P\<0.01 vs. the control group; ^\#\#^P\<0.01 vs. the CIA group; ^Δ^P\<0.05, ^ΔΔ^P\<0.01 vs. the AG490 group.](IJMM-39-02-0307-g02){#f3-ijmm-39-02-0307}

![The effect of matrine on apoptosis was determined by double staining with Annexin V-FITC/propidium iodide (PI) and flow cytometry. Fibroblast-like synoviocytes (FLS) were isolated from control or collagen-induced arthritis (CIA) rats, cultured *in vitro*, and treated with 0.75 mg/ml matrine, 25 *µ*mol/l AG490, or a combination of matrine and AG490 for 24 h. (A) Representative FACS scatter plots for each drug treatment. Q1 indicates necrotic cells; Q2 indicates late apoptotic cells; Q3 indicates early apoptotic cells; and Q4 indicates living cells. (B) Cell apoptosis rates were analyzed via flow cytometry. Data are presented as mean ± SD of three independent experiments. ^\*\*^P\<0.01 vs. the control group; ^\#\#^P\<0.01 vs. the CIA group; ^Δ^P\<0.05 vs. the AG490 group.](IJMM-39-02-0307-g03){#f4-ijmm-39-02-0307}

![The effects of matrine on the Janus kinase/signal transducers and activators of transcription (JAK/STAT) pathway were assessed by western blot analysis. Fibroblast-like synoviocytes (FLS) were isolated from control or collagen-induced arthritis (CIA) rats, cultured *in vitro*, and treated with 0.75 mg/ml matrine, 25 *µ*mol/l AG490, or a combination of matrine and AG490 for 24 h. (A) Western blot analysis of p-JAK2, p-STAT1 and p-STAT3 levels. β-actin was used as a loading control. (B) Quantitative densitometry of p-JAK2, p-STAT1 and p-STAT3 levels relative to β-actin. Data are presented as mean ± SD of three independent experiments. ^\*\*^P\<0.01 vs. the control group; ^\#^P\<0.05, ^\#\#^P\<0.01 vs. the CIA group; ^Δ^P\<0.05, ^ΔΔ^P\<0.05 vs. the AG490 group.](IJMM-39-02-0307-g04){#f5-ijmm-39-02-0307}

![The effects of matrine on apoptotic markers were assessed by qRT-PCR. Fibroblast-like synoviocytes (FLS) were isolated from control or collagen-induced arthritis (CIA) rats, cultured *in vitro*, and treated with 0.75 mg/ml matrine, 25 *µ*mol/l AG490, or a combination of matrine and AG490 for 24 h. qRT-PCR analysis of relative expression of (A) Bax, (B) Bcl-2 and (C) caspase-3. (D) Bax to Bcl-2 ratio (based on relative intensity). In all experiments, β-actin was used as an internal control. Data are presented as the mean ± SD of three independent experiments. ^\*\*^P\<0.01 vs. the control group; ^\#\#^P\<0.01 vs. the CIA group; ^Δ^P\<0.05, ^ΔΔ^P\<0.01 vs. the AG490 group.](IJMM-39-02-0307-g05){#f6-ijmm-39-02-0307}

![The therapeutic effects of matrine on collagen-induced arthritis (CIA) were assessed by arthritis index (AI) and ankle pathological analysis in control rats and CIA rats treated with 100 mg/kg matrine or 2 mg/kg methotrexate (MTX). (A) AI over 52 days of drug treatment (n=10 rats). Data are presented as mean ± SD. ^\#^P\<0.05 vs. CIA group. (B--E) Representative H&E images of synovial tissues isolated from ankle joints. (B) Control animals exhibited smooth articular surfaces and no signs of inflammatory cell infiltration or cartilage destruction. (C) Rats with CIA displayed synovial hyperplasia, extensive inflammatory cell infiltration and cartilage destruction. (D) Rats in the CIA group treated with matrine exhibited slight synovial tissue hyperplasia, fewer immune infiltrates and no cartilage erosion or bone destruction. (E) Rats in the CIA group treated with MTX also displayed fewer immune infiltrates, and no signs of synovial hyperplasia or cartilage and bone destruction. All images were captured at ×200 magnification.](IJMM-39-02-0307-g06){#f7-ijmm-39-02-0307}

![The effects of matrine on the expression of apoptotic markers in synovial tissues were detected by immunohistochemistry. Rats with collagen-induced arthritis (CIA) were treated with 100 mg/kg matrine or 2 mg/kg methotrexate (MTX). Representative immunohistochemistry images of (A) Bax, (B) Bcl-2 and (C) caspase-3. Scale bars, 50 *µ*m. (D--F) Immunohistochemistry signals were quantified by measuring the mean optical density (OD) of each image. (G) Bax to Bcl-2 ratio based on mean OD values. Data are presented as mean OD values (mean ± SD) for each group (n=10). ^\*\*^P\<0.01 vs. the control group; ^\#\#^P\<0.01 vs. the CIA group; ^ΔΔ^P\<0.05 vs. the MTX group.](IJMM-39-02-0307-g07){#f8-ijmm-39-02-0307}

![The effects of matrine on the Janus kinase/signal transducers and activators of transcription (JAK/STAT) pathway were determined by western blot analysis in rats sacrificed on day 53 after the initial immunization. Rats with collagen-induced arthritis (CIA) were treated with 100 mg/kg matrine or 2 mg/kg methotrexate (MTX). (A) Western blot analysis of p-JAK2, p-STAT1 and p-STAT3 levels. β-actin was used as a loading control. (B) Quantitative densitometry of p-JAK2, p-STAT1 and p-STAT3 levels relative to β-actin. Data are presented as the means ± SD of three independent experiments. ^\*\*^P\<0.01 vs. the control group; ^\#^P\<0.05, ^\#\#^P\<0.01 vs. the CIA group; ^ΔΔ^P\<0.05 vs. the MTX group.](IJMM-39-02-0307-g08){#f9-ijmm-39-02-0307}

###### 

Primers used for qRT-PCR analysis.

  --------------------------------------------------------
  Genes       Primer sequence (5′-3′)      Accession no.
  ----------- ---------------------------- ---------------
  Bax         F: GGCGATGAACTGGACAACAA\     NM 017059.2
              R: GCAAAGTAGAAAAGGGCAACC     

  Bcl-2       F: ACGAGTGGGATACTGGAGATGA\   NM 016993.1
              R: CTCAGGCTGGAAGGAGAAGAT     

  Caspase-3   F: ATCCACGAGCAGAGTCAAAGG\    NM 012922.2
              R: CAAGCCAACCAAGTTCACACA     

  β-actin     F: CGTAAAGACCTCTATGCCAACA\   NM 031144.3
              R: AGCCACCAATCCACACAGAG      
  --------------------------------------------------------

F, forward; R, reverse.
